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BIOGRAPHICAL  SKSTCIl 


INTRODUCTION 


In  citrus  thoro  are  several  varietioa  that  fruit  poorly  either 
cause  they  ni/i  self-incompatible  or  because  of  female  sterility, 
search  has  shown  that  girdling  increases  yield  of  some  varieties  and 

ntors  has  boon  investigated. 

Auxins  have  not  proved  effective  in  solving  the  problem  (65,  93, 
8) , and  in  the  ease  of  'Orlando'  tangelo,  the  use  of  gibberollic 
■ratic  with  other  varieties.  For  example,  applieation  of  GA  to  indi- 


t successful  mi 


o in  increasing  fruit 


control  fruit  sat  and  that  parthenocarpic  fruit  sot  resulted  -from  the 
seven]  growth  substances,  including  gibberellins,  cytokinins  and  in- 

balancc  of  naturally  occurring  growth  substances  (23,  35,  60,  73,  61). 
Evidence  that  gibberollin  may  play  a role  in  fruit  set  and  devel- 


e purpose  ol 


girdling  are 


s fruiting.  Since  GA  and  girdling  ore 
n patterns. of  metabolites  and  both  GA  and 
known  to  cause  fruit  sot  of  citrus,  attention  was  given 


History  and  Description  of  the  'Calnmondin' 


shlkikltsu  (Japan)  and  hnaara  (India)  (53,  122) . It  originated  in 

a tod  States.  Some  doubt  has  been  expressed  about 
Swingle  considers  that  it  is  probably  au  oranGO- 
quat  that  arose  in  China  by  cross-pollination  of  a sour,  loose-shinned 

should  not  be  considered  as  n valid  species.  More  specifically,  he 

Fortunelln  sp.  (perhaps  Fortunella  margarita)  (113,  114).  Likewise 
‘Tanaka,  even  more  recently,  has  classed  the  'Calamondin'  as  Citrus 

commercial  citrus  varieties  and  which  makes  this  plant  quite  adaptable 


to  greenhouse  studies  (5).  Both  leafy  and  bouquet  bloom  typical  of 
■ predominates  on  vigorously  growing  small  potted  plants.  Seeds  are 


year  in  the  spring  months  of  March  and  April,  although  certain  condi- 

the  flowers.  This  is  because  many  flower  buds  and  open  flowers  absciss 
prior  to  fruit  set,  and  later  many  fruits  which  had  set  earlier  also 

mature  fruits  (101).  This  characteristic  of  only  a small  percentage  of 
flowers  setting  fruits  is  common  in  other  crops  (70) . 

. cited  as  influencing  fruit  set  and  development  of  citrus  (15,  34,  44, 

fruit  sot  hove  been  studied  extensively  in  other  crops  (61.  105,  106). 

The  stimulus  of  tbo  sexual  process  leading  to  seed  development, 
though  generally  considered  basic  to  fruit  set  and  development  in  most 


citrus  cultivars. 


1 significance 


ic  ordinary  cultivars  of  nnvol  orange  and  'sntsuma, 
the  'Tahiti'  lime,  'Marsh'  grapefruit  and  'Eureka'  and  'Lisbon'  lemons, 
produce  parthenocnrpic  (soedlcss)  fruits  (33) . 

ment  in  all  cultivars,  more  or  less  seedy,  has  i 
However,  it  was  recently  reported  that  'Marsh'  grapefruit  c: 

a stimulus  from  the  limitod  sexual  process  (65). 

(2)  pollination  occurred  but  fruit  developed  without  fertilisation, 
and  (3)  pollination  and  fertilisation  occurred  but  embryos  abortod 

carpy  has  been  subdivided  into  2 categories.  Stimulative  pnrthenocnrpy 


mode  in  an  attempt 


for  fruit  sat  and  development.  Additional 
ind  non-parthenocarpic  varieties  have  been 


Auxins  are  recognised  as  comprising  an  essential  part  of  the 


development  ol  seedless  fruits. 


on  the  vsrloty. 

led  to  the  hypothesis  that  auxi 

to  Initiate  growth  of  the  ovary 
growth  was  visualised  as  being, 
tlon,  processes  which  stimulated 


. from  auxin  produced  by  the  developing  embryos 

whose  sine  does  not  differ  groatly 

capable  of  being  set  by  auxins  but 
these  are  apple,'  apricot,  avocado  i 


t set  nnd  growth. 

•cw  but  failod  to  mature.  Apparently, 

played  a dominant  role  in  fruit  set 
blossoming  than  non-p8rthenocarpic 

pollination  and  fortiliaa- 
production  of  a sufficient  quantity 

teds,  and  distributed 


successfully  replaced  poll!- 


‘ cessful  (65,  92,  98,  110) . Attempts  were  made  to  relate  patterns  of 

many  coses  auxin  levels  wore  correlated  with  seed  growth,  and  in  pnr- 

In  studies  with  citrus,  correlations  have  been  reported  between 
auxin  level  increases  in  newly-set  fruit  and  fruit  set  (49,  73).  A 

'Washington'  navel  orange  soon  after  full  bloom,  and  a second  peak 
occurred  at  the  beginning  of  the  coll  enlargement  phase  of  fruit  growth 
(73) . Similar  peaks  of  auxin  production  plus  a third  one  during  the 
cell  enlargement  phase  were  found  in  'Orlando'  tangelo,  'Parson  Brown' 
orange  and  'Dream'  navel  orange  (49). 

Fruits  havo  boon  shown  to  be  organs  into  which  uu 


at  the  expense  of  other  plant  parts  (2,  20,  23,  69,  70,  75,  76,  78,  79, 
84,  112).  Howovor,  flowers  have  boon  reported  as  exhibiting  woak  polar- 


trolled  primarily  by  t! 
88)  and  minerals  (8)  ti 


n demonstrated  by  Mai 


ly  of  motnbolites  to  the  cluster  (18,  46) . 
.n  mobilimo  both  carbohydrates  (62,  87, 
mint  of  auxin  application.  The  mobilising 
s into  reproductive  struc- 
neek  (83) . Strikingly 


contain  the  largest  quantities  of  gibberellins  (97)  and  have  been  impli- 
gibborellins  occur  naturally  in  plants  and  in  most  cases  are  in  seed 


Certain  fruits  that  are  set  in  varying  dogreo  with  auxin  ore  also 
set  oqually  well  or  better  with  gibborollins . Among  these  are  tomato, 
fig,  cucumber,  eggplant,  pepper,  pear,  apple,  currant,  Peroskia 
oculenta ■ Kosa  sp.  and  Zephvronthos  (23).  In  addition,  gibberelllc 


;s  partiionecarpic  I; 
e include  a: 


Work  In  Florida  (66)  and  California  (13,  50,  107)  demonstrated 
to  flower  clusters  or  individual  young  fruits  of  several  varieties. 

leaf  fall  and  twig  damage  (12,  14,  50,  51,  107,  108).  Reductions  in 

blossoms  of  apple  (30)  and  grape  (118)  have  been  reported,  though 
treatment  of  flowers  induced  parthonooarpic  set. 

:!i  gibberollic  acid  sprays  increased  yields  of 


and  yield  were  increased  from  spray  applications  te  entire  trees  and 

a means  of  inducing  parthenooarpic  yields  from  application  of  a growth 
regulator  has  been  attained. 

their  correlation  with  fruit  sot  and  growth  patterns.  A positive  cor- 

fruit  growth  and  levels  of  these  substnnoes  hove  not  always  boon  found, 
in  citrus  fruits  have  boon  reported  (60,  123).  Significant  changes  in 

data  indicated  a cause  and  effect  relationship  between  gibbcrellin  and 
reported  wore  between  morlstomatic  activity  in  the  soed,  auxin  levels 


seedless  varieties  responded  to  gibbcrollic  acid  b; 


responsible  f< 


indirect  i: 


stematic  tissues)*  is  because  they  control,  though  perhaps  indirectly, 
that  gibborellin  regulates  fruit  sot  and  development  through  increasing 

Snstry  and  Muir  (102),  however,  reported  increased  auxin  level  in 


anthesis  (23). 


The  fact  that  gibberellin  can  stimulate  the  mobilization  of  rcsi 

' cotyledons  of  cucumber  (47)  and  lettuce  (100)  to  actively  dividing 

stration  that  there  is  tho  mobilization  of  nutrients  into  fruits  ns  i 
result  of  gibberellin  application. 

Gibberellin  does  affect  translocation  in  intact  plants.  It  was 
reported  that  pro- treatment  of  rod  kidney  beans  with  gibborellio  acii 

(3).  Treatment  of  boan  plants  with  only  1 ppm  of  gibberollic  acid 

nitrogen  (100)  in  upper  plant  parts  (stems)  over  that  in  lower  plant 


Cvtokinins 

sponses  and  physiological  effects  (72,  86) . Together  with  auxins  and 

have  now  yielded  eytokinin-1 ike  substances.  Active  extracts  have  beei 
obtained  from  apple,  quince,  pear,  plum,  peach  and  tomato  fruits.  Thi 
no  naturally  occurring  cytokinin  has  been  established. 
ays  yielded  a cytokinin,  called  zentin  (72). 


fruit  set  and  development.  Cytohinins  proraotod  parthcnocarpy  in  figs 

stimulated  fruit  growth  in  grapes  (120).  In  tho  latter  investigation, 
it  was  (120)  concluded  tliat  in  the  case  of  the  'Bloch  Corinth'  variety 

of  applications  of  the  growth  regulator  on  senoscing  loaves  has  been 

application  of  N-6-benzyladenine,  a synthetic  cytokinin,  to  tho  young 
ovary  at  anthesis  but  not  with  auxin  or  gibberellin  (56).  It  was 
suggested  that  the  capacity  of  cytokinin  to  increase  DNA,  KNA,  protein 

Considering  the  influence  of  growth  regulators  on  fruiting  behov- 

• complex  mechanism  involving  auxins,  gibberellins,  cytokinins  and  possibly 

growth  substances  in  regulating  fruit  set  and  development.  He  suggested 
growth  substances  in  ovaries  of  parthonocarpic  varieties  or  the  appli- 


cation  of  growth  si 
and  other  substances  to  tho  fru 


:act  that  growth 


* fruit  sot  by  establishing  a high 
w of  food  materials,  hormones 


Translocation  of  organic  matorials  in  plants  occurs  principally 


cells,  polar  movement  of  au: 
The  sieve  clomonts,  wh: 

consist  of  an  aggregation  o 


Ins  and  secretion  in  nectaries  (126) . 

=h  form  the  pipo-like  systom  in  which  the 

porous  regions  referred  to  as  sieve  areas 
a sieve  area  there  are  protoplasmic  con- 


The  contents  of  the  sieve  clomonts  aro  arranged  such  that  a 
cylindrical  cytoplasm,  lining  the  innor  cell  wall,  surrounds  a poorly 


io  closely  associated  companion 


Zimmerman  (126)  reported  that  phloem  exudates  of  some  250  spocios 

plant  species  oligosaccharides  comprise  an  appreciable  amount  of  the 

found  in  some  plant  speoles  (70,  125). 

In  addition  to  carbohydrates  certain  other  compounds  are  in 

traces  of  protein  nitrogen  (70) . Of  the  inorganic  constituents  only 
phosphorous  (70)  and  potassium  (5s)  have  been  reported  to  ocour  in  the 

Further,  it  has  been  established  that  different  solutes  within  the 
phloem  move  at  different  rates  (28,  58,  70,  115) . This  is  true  not 
only  for  sugars  (68,  70,  115)  but  also  for  amino  acids  and  organic 


o walls  ol  vascular 


acids  (68) . Biddulpli  and  Cory  (6)  suggested  t! 
being  transported  (115) . 

stem  in  a logarithmic  fashion  (6,  10,  54  , 70,  111) , Within  the  phloem 


•n  peak  with  time 


s of  organic  materials. 


rates  (38,  39,  90)  and  low  light  intensities  can  stimulate  ti 


t translocation  is  inhibited  at  extremely 
th  graduations  of  inhibition  at  intermediate 

temperatures  (37,  121) . 


c Whole-Plant  System 


The  use  of  radioisotopes  lias  greatly  clarified  organic,  transport 
' in  tho  whole-plant  system.  Movement  of  organic  materials  from  leaves 

very  definite  patterns  (21,  22,  70).  A look  at  some  of  the  character- 
istics of  transport  from  leaves  of  intact  plants  illustrates  this  point. 

and  roots  (7,  21,  22,  68,  70)  and  bidirectional  from  median  leaves  (7, 

lateral  transport  and  general  mixing  with  solutes  moving  in  adjacent 
movement  in  plants  does  not  give  any  evidence  of  the  not  movement  of 
Young  newly  forming  leaves  which  draw  upon  the  parent  plant  as  a 

This  rntio  of  export  to  import  ultimately  changes  in  favor  of  the 
former  and  import  into  maturing  leaves  eeosos. (57,  68).  Young  leaves 

imatoly  one-half  their  mature  size.. 

Radioactive  assimilates,  produced  by  exposing  a mature  loaf  to 
l4C02,  are  generally  recognized  as  bypassipg  other  mature  loaves  of  the 


if  assimilates  between  mi 


S Organic  Translocation 


transport  (7,  21,  22,  58,  68,  70,  85,  126).  The  latter  concept  is 
of  protoplasmic  streaming  and  activated  diffusion  are  of  this  typo 


The  mass  flow  theory  assumes  that  transport  within  the  phloora 
solutes  in  the  inner  cavities  (vacuoles)  of  the  sieve  elemonts  (21,  22, 


Approximately  18-raonth-old 


s readily  Iran  stem  cuttings,  flowers  heavily  through- 


tFig.  1). 

when  self-pollinated.  Both  leafy  and  bouquet  bli 
the  leafy  type.  Leafy  bloom  is  that  bloom  which 

vious,  mature  growth  flushes  (Fig.  2). 

per  plant  for  treatments.  Branches  were  selected  i 
ing  leofy  or  bouquot  bloom.  Leafy  bloom  nhoots  we: 


bloom  are  produced  but 
ch  occurs  interspersed 


Fig.  1. — Apparatus  used  in  applying  to  a leaf  of  a 

'Calamnndin ' shoot  shown  in  operation.  A,  Vial 


2 . — The  2 bloom  typos  o*  'Cal  amandin' 
looatlon  studies.  A.  Leafy  bloom; 


supports  a 


Design  and  Operation  of  Apparatus  Ui 


An  apparatus  similar  to 

The  34C02  treatment  cHemhor  (part  E)  was  a polyethylene  bag  of 

by  a one-way  aspirator  bulb  CD)  and  purging  of  the  system  of  l4C02  after 
the  desired  roaction  time  was  by  tho  KOH  trap  (C).  After  treatment  of 


3 mgs  of  labeled  barium  carbonate  indicated  that  2 mg,  providing  ap- 
proximately a 30  me  dosage  of  radioactivity,  was  a suitable  quantity 
and  was  used  for  tho  remaining  tests. 

application  in  order  to  maintain  the  phyllotaxy  of  shoots  after  harvest. 
Vortical  location  was  indicated  by  numbering  upward  beginning  with  the 


for  system  used  in  designating  flushes) . The  side  of  the  shoot  on 
(T),  left  (L),  bottom  <R)  and  a right  01)*  side  in  a clockwise  direction. 


mediately  sectioned  to  prevent  postharvest  movement  of  labeled  metabo- 


(4)  ai 


paper  (Pig.  4 demonstrates  arrangement  of  parts  after  mounting). 
Plant  mounts  were  dried  for  24  hours  at  S0°Cf,  humidified  in  a 

Radioautographs  wore  made  by  placing  the  mounts  on  Kodak  Royal  lllue 
Medical  X-rny  film.  The  film  was  exposed  for  1 week  and  then  devel- 
oped. Ho  pscudo-rndionutographs  were  found  after  a 2-week  exposure 


to  determine  the  movement  ol  l4C-metabolites  in  shoots  supporting  un- 


In  order  to  establish  a frame  of 


stagos  1 week  before  nnthosls 
In  establishing  patterns 

to  which  the  bloom  was  attached)  of  the  apical  flush 


uly  of  the  study  was  determined  Bl 


le  experiment  with  the  treatments  (emasculation,  selfing  or 
tion  plus  GA)  imposed  on  8 plants  each  at  early  anthesis. 


radioautographs.  These  levels  wore,  in  decreasing  order  of  magnitude, 


— Experiment  1,  stages  ui 


(3/1/68)'' 

(3/1/68) 

(3/8/66) 

(3/15/68) 

(3/23/68) 

A +5  weeks  Continuation  ol  early  fruit  set  period 

(4/5/68) 


indicated  alight  darkening 


intermediate  indicated  n lesser  or 


e throughout  a 


, patterns  m 


This  experiment  differed  from  Experiment  1 

of  1967 ~6S.  Observations  of  translocation  were 

wore  as  follows:  Cl)  was  applied  to  median  lean 

flushes  (the  leafy-bloom  flushes  that  110001*06  and  fn 
to  those  on  the  subapicalj,  flushes  from  which  they  nri 

In  the  spring  of  196B,  2 apical  flushes,  each  supporting  7 leaves  and 
until  growth  ceased.  One  additional  measurement  was  made  at  antliesis. 


(11/6/67) 

(11/13/67) 

(11/15/67) 

(11/20/67) 

(11/27/67) 

(12/4/67) 

(12/18/67) 

(1/8/68) 

(2/5/68) 

(3/11/68) 

(4/22/68) 

flushes  receiving  applications  on  the  following  day.  " 1 

*A,  anthosiSi  HA,  early  nnthosis  (slight  pressure  with  the  thumb  caused 
petals  to  open). 


RESULTS 


otal  direction  (Fig.  4) . Only  small  amounts  oi  14C-mctabolitos  wore 


(Table  a) . The  A0C-metabolites  m> 
and  into  the  subapical  flush  in  1; 


s hod  moved  directly  into  it 
d basipe tally  through  the  apical 
:e  quantities, 


activity  m 


receiving  the  14COa  application. 


tssr 


axils  of  the  treated  leaves,  and  here  activity  was  light.  This  same 
pattern  with  minor  deviations  was  evident  in  all  subsequent  stages. 

Early  Anthosis 

Translocation  patterns  at  this  stage  v/ere  essentially  the  same  ns 
flush  than  in  the  subapical  flush. 


tion  treatment  imported  very  little  of  the  14C-metabolites  whereas  the 
downward  transport  carried  14C-metabolites  into  the  subapical  flush  in 

patterns  in  the  selling  and  GA  treatments  were  similar  to  those  of  a 

ir  possibly  slightly  more. 


quantities  of  14C-metabolites  in  fruits  and  tbo  lower  part  of  the 


left)  and  rodioautogrnphs  (right)  oi  ac-ct 

™T2'., 

“*  Mc""ot“boll,°8 

A 


f seedy  fruits  f: 


spring  of  1968.  Pistils  of 

ie  fruit  sine  was  Bpprociably  smaller  than 
selfing  treatment  and  the  seedless  fruits 


similar  shoots.  The  length  of  the  leafy-bloow  shoot  ranged  from  8 to 


Tnblo  3. --Experiment  2.  miniver  of  ienvcs  on  shoots  lined  lit  determining 


”*nS° 


— Experiment  2,  number  of  leaves  on  shoots  used  in  > 
trnnslocotion  of  14C-metnboiltos  from  subnpioal  f 


(slight  pressure 


Anlhosls 


terns  of  the  apical  flush  during  the  2-weok  period  lasting  from  1 week 
.prior  to  nuthesis  until  a week  afterward  (Tables  7,  8 and  0).  Movement 


as  early  as  a wok  before  anthesis,  while  in  other  shoots,  leaves  were 
not  exporting  oven  a weok  nfter  anthesis  (Fig.  6).  The  pattern  of 
initial  translocation  of  l4C-rootubolites  out  of  leaves  became  apparent 

treated  leaf  and  in  decreasing  amounts  upward.  However,  oven  in  the 
shoots  showing  the  greatest  movement  upwards,  there  was  essentially 
none  in  pistils  or  young  fruits. 

Vory  small  amounts  of  1'1C-motabolites  were  transported  to  loavos 
generally  appeared  as  faint  uniform  images  in  radioautographs  with  no 


scribed  above 


radioactivity 


largo  quantities 


TCdi°™^«)f  light  (!)  fufnone1”!). 


rn,“sri™«r“tyer 


and  C show  pattern  of  movement  of  l^c-mctabolites  at  onthosis 
-1  woek,  early  onthosis  and  anthesis  +2  weeks,  respectively. 
During  this  period  maturing  loaves  began  deporting  but  treat- 


of  MC— metabolites  reached  the  fruits.  Ho 

young  maturing  leaves.  In  the  shoots  showing  transport  out  of  the 
maturing  leaves,  radioactivity  within  stem  pioces  was  generally  confined 

true  for  all  subsequent  stages. 


ks — Subnpicnlj  F 


nnthesis  +1  week  were  investigated  both  in  the  fall  of  1907 


1 Tables  10,  11  and  12  end  Fig.  7.  Initial 


JZl 


i !!s. 


of  loafy-hloora  type  shoots.  X,  leaf  exposed  to  14C§2. 
and  C show  the  pattern  of  movement  of  14C-motabolltes  at 
antliesis  -1  wcok,  early  autlicsis  and  anthesis  *2  weeks, 
respectively.  Through  these  stage; 


of  the  apical  flush  but  radioactivity 

so  found  at  nnthesis  *t2  days.  The  concentration  of  34C-metabolitos 
is  uniform  in  the  stem  pieces  of  the  apical  flush  indicating  it  oc- 
irrod  in  nil  tissues.  Radioactivity  in  the  mibnpical.  flush  was 
■esent  mainly  in  barb  tissues  though  somo  appeared  in  tissues  internal 


of  radioactivity  in  axillary  buds 

with  very  small  quantities  of  l4C-raetabolites  evident  abov 
.leaf.  Movement  1 week  later  was  almost  all  basipetal  with 
acropctal  transport  (Fig.  7).  No  34C-mctnbolitos  moved  do 
the  last  internode  of  the  subapical^  flush. 

An  anthesis  +2  weeks  the  growth  rate  of  fruits  of  the 

fruit  development  and  persisted  throughout 


emasculated 
e of  the  GA  and  selfing 
t sine  started  early  during 
e experiment.  By  using 

oil  trauslocntion  was  ex- 


emasculation 


7,  8 and  9) . Largo  amounts  of  radioactivity  were  being  imported  into 
fruits,  liuslpotnl  movomcnt  differed  among  fruit  set  treatment  for  th' 

the  treated  leaf  was  generally  less  than  in  the  same  flush  below  the 
treated  loaf. 


Anthesis 


hs — Subriplcul  i F 


was  light  and  fruits  generally  contained  only  small 

a emasculation  treatment  were 


t Maturity — Apical  Plush 


Although  stem  piocos  ox  somo  shoots  wore  not  completely  oriented 
properly  on  tho  mounting  paper,  linearity  oX  movement  was  quite  eviden' 
’ from  both  apical  end  subapicaX^  flushes  at  anthesis  +5  weeks  and  subse- 
quent stages.  The  basic  pattern  of  linear  movemen: 
quite  vividly  in  the  location  of  ^C-metabolitos  ii 


1 treatments  ha 


creased  in  juice  content  a 
a greenish  yellow.  Color 


X,  leaf  exposed  to  14C0j,.  A,  B and  C are  CA,  selling 

ity  in  Iruits  ol  all  treatments  but  loch  oi  pronounced 
be si petal  movement  in  the  GA  and  selling  treatments. 


flushes  of  losfy-bloota  t; 
was  limited  in  GA  and'  selling  t: 


of  the  emasculation  and  golfing  t: 


metabolites  movod  into  blooms  only  o: 
turcs  wore  located  on  the  opposite  s: 


io  leafy  type  when  t! 


ever,  noropetal  movement  was  gronter  tl 


d selfing  treatments; 


same  from  a weeks  after  anthesis  until  anthesis  +17  weeks  (Table  12  , 
Figs.  11  and  12).  During  this  period  movement  of  ^C-metnbolites  wa; 

curved,  but  little  or  no  ^C-metabolites  entered  toe  fruits.  In  uom 
cases  large  amounts  of  radioactivity  were  evident  in  young  bouquet 


Fig-  IX. — Plant  mounts  Cleft)  ond  rndioautographs  (right)  of  sections 

flushes  of  leafy-bloom  type  shoots  at  enthrals  +5  weeks. 

X,  leaf  exposed  to  14C02.  A,  B ond  C are  GA,  golfing  and 
emasculation  treatments,  respectively.  Note  the  acropetnl 
movement  of  radioactivity  into  fruits  of  only  the  GA  and 
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Fig.  13. — Plant  mounts  (loft)  and  rndioautographs  (right)  ol  sections 
of  epical  (AF),  subapicalj  (SF^)  and  subnpiculg  (SFg) 
flushes  of  lonfy-bloom  type  shoots  at  anthesis  433  weoks. 

emasculation  treatments”  respectively.  Note  ^c-iwetabolitos 


Growth  Study 


fruit-set  period.  Relative  increases  in  length  and  width  oi  the  blade 
were  similar.  Riff.  13  graphically  portrays  the  changes  in  length  aj 


(Table  13). 


tions  indicated  that  the  typical  green  color  and  thickness  of  young 
mature  leaves  was  not  attained  until  about  3 weeks  after  full  sine  had 


Fig.  13. — Growth  curves  of  leaves  of  apical  flushes  at  3 
positions  before  and  after  anthesis. 


Table  13. “-Growth  of  loaves  of  apical  (lcafy-bloom)  flushes  chiving 
pro-  nml  postanthesi s . 


Percentage  of  final  leaf  sine3 


a nch  value  represents  the  mean  of  10  leaves,  2 on  each  of  S plants. 


an thesis . 


DISCUSSION 


Applications  °I 


and  growth . Moreover,  elimination  of  tin 
sexual  process  through  emasculation  resulted  in  fruit  abscission  ii 
the  case  of  bouquet  bloom  and  reduced  fruit  development  in  the  cast 

Tills  agrees  with  experimental  results  with  'Orlando'  tangelos 
nooarpy  suffered  a greater  reduction  in  sixe  than  is  generally 


bloom  type  set  and  reached  maturity  though  abnormally  smnll,  indicated 
the  leafy  bloom  hod  a greater  natural  degree  of  porthenocarpy  than 
bouquet  iu  setting  fruits.  This  agrees  with  earlier  findings  which 

conditions  of  greater  stress,  such  as  imposed  by  unfavorable  environ- 


■ fruits  of  leafy  bloom  may  hni 
A study  of  the  patterns 
GA  resulted  in  a considerably  stronger  mobilisation  c 
that  accumulated  in  the  young  ovaries  and  developing 

In  shoots  with  bouquet  bli 


1*,G-metabolitos 


lorn  the  pattern  of  movement  from  the 

;o  accumulate  14C-metabolites  (Fifi.  S). 
differences  in  the  ability  of  fruits 


apical  flush.  Thus,  in  shoots  of  the  leafy  bloom  typo  fruits  of  the 
GA  and  selfing  treatments  wore  bettor  able  to  accumulate  ^C-motabclites 
from  the  apical  flush  and  curtail  extensive  basipetal  movement  then 

Patterns  of  movement  from  the  subapical^  flush  provided  oven  more 
convincing  evidence  of  the  weaker  accumulative  power  of  fruits  of  the 
omasculation  treatment  (Pigs.  11  and  12).  These  seedless  fruits  devel- 
oping from  leafy  bloom  without  GA  application  were  unablo  to  draw  1<lC~ 


development 


though  not  in 


luted  l^C-metnbolitos  from  tho  subapical- 

These  ftatn  suggest  one  of  the  important  roles  of  GA  or  growl 
regulators  produced  by  seeds  in  promoting  fruit  sot  and  normal  fi 

accumulation  of  metabolites  in  the  fruit.  Others  havo  inferred  c 
suggestod  that  a strong  movement 
essential  to  fruit  set  and  development 
imentol  work  hos  been  done  to  verify  tit 


formed  mobilisation  sites  at  som 


However,  irrogardloss  of  the  locotioa  of  tl 
tlio  type  of  metabolites  being  transported,  or  vl 
fruits  was  secondary  to  tho  action  of  GA  or  oth( 

normal  fruit  development  took  place  only  when  tl 
moot  of  lebelod  mi 


the  identity  of  the 
mobilization  site, 

growth  regulators  on 


findings 


The  patterns  of  movomon 
apicnlj  flushes  of  shoots  wl 
the  period  of  maturation  of 
mnrizod  in  Pig.  1*1.  During 
flush  wore  utilizing  their  o 


lie  apical  flush,  these  patterns  are  sum- 


Letters  at  end  of  vertical 
of  translocation.  A.  Movement 


strongly  bidirectional  from  tho  subnplealj  flush, 
the  opical  flush  but  nearly  all  basipetal  from  the 


con  sod  from  the  subapicalj  flush,  that  median  leaven  began  appreciable 
exxiorl  of  MC-mctnbolites.  It  should  ho  noted,  however,  that  .during 

ings  contrast  With  those  reported  for  grapes  (06)  mid  tobacco  (57)  in 
which  considerable  oxport  began  whon  developing  leaves  wore  about  onc- 


Though  the  fniut  movers 
olites  moving  toward  the  bli 

tional  except  in  shoots  witl 

The  general  pattern  of 
development 
type . (These  patterns 


t of  stronger  acropotnl  and  basipetal  movo- 
lovement  from  the  subapical^  flush,  which 
fruits  developing  without  sc 


bidircc- 

-pollination 


l^C-metabolites  during  fruit 
.1  flushes  regardless  of  bloom 


was  basipetal  until  near  maturity. 


ruit  development.  This  was  illustrated  at  a 
oat  from  the  subapicali  flush  during  the  lot 


er  stages  of  fruit  devel- 


ppment  Whom  blooms  formed  is  : 


y others  (84),  since  this  was  tbe  first  time  MC-mctabolites 

developing  fruits  where  loaves  supplied  14C-metab- 
it  half  of  the  fruit  in  phyllotoxy  with  the  c-xporl- 

wliieh  formed  in  loaf  axils  of  shoots  during  the 
fruit  developmental  period  altered  the  linear  pat- 

known  to  niter  this  pBttorn  (7,  46,  6S) . 

Axillary  buds  and  tissues  intoranl  to  the  cambium  had  weak  power 

agrees  with  translocation  studies  reported  for  grapes  (46). 


olitos  mainly  to 


generally  linear,  1 
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leaves  of  pottod  'CalnmomUn'  plants  wero  exposed  to  l,1C02  and 
subsequent  movement  of  carbon-labeled  metabolites  in  the  plant  traced 
by  radionutcgraphic  techniques.  Both  the  general  translocation  pattern 

Applications  of  GA  to  flowers  of  'Calaraonrtin ' successfully  re- 
placed the  stimuli  of  the  sexual  process  and  seed  development  assoei- 

process  by  emasculation  resulted  in  abscission  in  the  case  of  bouquet 


considerably  stronger  mobilization  of  MC-raetabolitos  t: 
in  the  young  ovaries  and  developing  fruits  than  when  the  sexual  process 

from  the  apical  and  subapicnl^  flushes,  when  loafy  bloom  was  used. 

Those  findings  suggest'  a need*  for  a strong  transport  gradient,  for  fruit 

gradient. 


l^C-metabolites  ni 


t set  treatment. 


i#1C-metabolites . 


: becoming  bidirectional, 
it  of  14C-raetnbolites  daring  fruit 
apical  flushes  regardless  of  bloom 
sme  was  true  of  movement  from  tho  subapicnlj  flush  with 

side  of  the  shoot  as  the  exporting  leaf.  This  was  very  evident 

Axillary  buds  and  tissues  internal  to  the  cambium  had  weak  power 
in  accumulating  14C-metabolites  relative  to  developing  fruits.  In 
general,  the  only  axillary  bud  importing  appreciable  amounts  of  radio 


tho  initial  pattern  of  transport 
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